Introduction
Poultry is by far the most popular meat in the United States (1) . Poultry meat consumption in the U.S. doubled from 26.4 pounds/ year in 1980 to 54.1 pounds/year in 2012 (2) . A similar trend has also been observed in many other countries such as China, India, and South Korea. For example, the per capita chicken meat consumption in South Korea increased from 5.9 kg (1995) to 12.8 kg (2014) (3) . Thus, meeting this high demand without compromising on the microbial food safety or quality of the product is a challenge for poultry processors today. To ensure optimum quality for poultry, the U.S. Department of Agriculture recently announced additional regulations for poultry processing (4) . As a result, efficient preservation of poultry is becoming increasingly important to both academic and industry researchers. However, many of the preservation techniques, such as adding natural or chemical antimicrobials, have the potential to increase or decrease the sensory acceptability of poultry meat products with respect to their color, appearance, odor, flavor, and textural characteristics (5) (6) (7) . In particular, poultry meat treated with natural or chemical antimicrobials retarded the off-odors/flavors associated with poultry meat over time (5) . In contrast, the antimicrobials' own distinct odors/flavors may result in a decrease in the sensory acceptability of poultry meat products (6, 7) . In addition, a systematic review found that the effect of antimicrobials on the sensory aspects of poultry meat depends on the concentration of antimicrobials (7) . Van Loo et al. (8) reported that the consumers' perception of poultry meat quality depends on the meat's sensory acceptability. Therefore, ensuring good sensory appeal of the poultry products is essential for their overall market success, and additional care needs to be taken to ensure that preservation or other processing methods used in poultry do not adversely affect the sensory quality of the meat product.
Various techniques such as freezing, drying, and addition of chemicals, have been used for poultry preservation. Smoking is one of the oldest traditional techniques used for increasing the shelf life (9) . Smoking involves burning wood to create smoke or its condensates (e.g., liquid smoke) in order to preserve poultry products by utilizing the antimicrobial and antioxidant properties of the smoke components on the exposed surfaces of the food (9, 10) . In addition to its preservative effect, smoking uniquely modifies the sensory characteristics of poultry meat products. In fact, smoking has been found to induce desirable color and flavor in various poultry products (9, 11) . However, prior research pertaining to the sensory impacts of smoking on poultry products has been somewhat ambiguous. For example, Modi et al. (12) demonstrated that fried nuggets prepared with smoked chicken meat of spent laying hens were superior to those prepared with fresh meat with respect to color, texture, flavor, and overall quality. In contrast, incorporation of liquid smoke did not show any significant effect on the juiciness, chewiness, hardness, flavor, and overall quality of chicken/pork frankfurters (13) .
Another traditional technique that has been used for preservation is marination. According to the poultry industry, marination can be characterized as the "incorporation and retention of water by poultry to improve tenderness, juiciness, color, and flavor, by adding an alkaline solution of pH 7.5 and above, containing mainly sodium chloride and phosphates, although other additives are also used" (14) . Previous studies have demonstrated that marination increases water retention in muscle fibers, resulting in more tender and juicy chicken products (15) (16) (17) .
As mentioned earlier, both smoking and marination have a definite impact on the sensory characteristics of poultry meat products. However, studies concentrating on the sensory impacts of smoking and marination as a "combined" process are still scarce. Moreover, most of the studies described above did not conduct descriptive sensory analysis with fully-trained panelists to evaluate the sensory characteristics of poultry meat (12, 13) . Such an analysis is valuable because it provides a precise estimate of a product's sensory profile (18) . Based on the abovementioned facts, this pilot study aimed to explore the individual and combined effects of smoking and marination on the sensory characteristics of cold-cut chicken breast meat using descriptive sensory analysis. Cold-cut chicken meat is popular for salad and sandwiches in many countries. For example, approximately 15% of U.S. adults reported that chicken was the most frequently consumed type of cold cuts; ham was the most popular (52.1%) cold cut in the U.S. (19) . The results of this pilot study will show a direction for optimizing the combination of smoking and marination with respect to the sensory characteristics of cold-cut chicken meat when designing a large-scale study.
Materials and Methods
Chicken samples and preparation Four types of chicken breast were prepared for a descriptive sensory analysis: marinated cooked chicken, marinated smoked chicken, non-marinated cooked chicken, and non-marinated smoked chicken. Boneless, skinless chicken breast samples (680 g per breast) were purchased from a retail establishment (Sam's Club, Fayetteville, AR, USA). Half of the chicken breasts were marinated in a 6% salt (NaCl, Amresco, Solon, OH, USA) and 3% sodium tripolyphosphate (Spectrum Chemical Manufacturing Corporation, Gardena, CA, USA) solution [added at 15% (w/w) of chicken breasts], followed by vacuum tumbling at 635 mm of Hg for 20 min. Half of the marinated and non-marinated samples were placed in pans, covered with aluminum foil, and cooked in a convection oven (Stein Lab Oven, Sandusky, OH, USA) at 190 o C to an internal temperature of 74 o C (marinated cooked chicken and nonmarinated smoked chicken, respectively). The remaining half of the marinated and non-marinated chicken breast samples were smoked in an Alkar smokehouse (Model 1000; Lodi, WI, USA) using sweetgum bark as the source of smoke (marinated smoked chicken and nonmarinated smoked chicken, respectively). They were smoked for 1.5 h at a dry bulb and wet bulb temperature of 60 and 38 o C, respectively, and then further cooked without smoke until the internal temperature reached 74 o C. Both marination and smoking conditions were set up based on a preliminary study. After preparation, the chicken breast samples were cooled down and then sealed in a polyethylene bag. The samples were stored in a refrigerator (at approximately 4 o C) until served; all samples were used for the sensory analysis within 24 h.
Descriptive sensory analysis Descriptive sensory analysis of chicken breast meat samples was conducted by eight panelists who have been trained according to the Spectrum ® method with some modification with respect to reference intensity (Sensory Spectrum Inc., Chatham, NJ, USA) at the University of Arkansas Sensory Service Center (Fayetteville, AR, USA). All the panelists had extensive experience of more than 200 h with respect to descriptive analysis of meat products, including chicken breast filets.
During two orientation/training sessions (3 h per session), the panelists were asked to generate terms of the sensory characteristics to be tested in the descriptive sensory analysis. Table 1 summarizes the definition, reference, and/or evaluation technique for 24 flavor-and four texture-related characteristics. The texture-related characteristics of chicken breast meat samples were captured in two procedural stages: first bite/chew and then chewdown. During the training sessions, the panelists were trained to be familiar with the definitions and intensities of the sensory characteristics with their individual references.
The meat samples sealed in the polyethylene bag were taken out from the refrigerator and placed at room temperature (20) (21) (22) o C) for approximately 45 min before serving. Each of the four cold chicken breast samples was cut into small cubes (1.2 cm×1.2 cm×1.2 cm), placed in a soufflé cup, and identified by a random 3-digit code. The panelists were given 5-6 cubes of each sample one after another in a random order. The time interval between sample presentations was approximately 10 min. During the break, spring water (Clear Mountain Spring Water, Taylor Distributing, Heber Springs, AR, USA) and unsalted crackers (Nabisco Premium Unsalted Tops Saltine Crackers, Mondelçz Global LLC, East Hanover, NJ, USA) were served for palate cleansing. All samples were evaluated for 28 sensory characteristics on 15-point universal scales (18) with references at four times on two different days.
Data analysis Data analysis was conducted using JMP 11.0 software (SAS Institute, Cary, NC, USA). To determine whether the four chicken breast samples differed with respect to each sensory characteristic, a two-way analysis of variance (ANOVA), treating the samples and panel as fixed effects, was used. If a significant difference was indicated by the ANOVA, post hoc comparisons between the chicken breast samples were conducted using Tukey's honestly significant difference (HSD) tests. In addition, in order to determine the effects of marination, smoking, and panel on the sensory characteristics of the chicken breast samples, a three-way ANOVA, treating marination, smoking, and panel as fixed effects, was used. A statistically significant difference was defined as p<0.05. Table 2 presents the mean ratings of the sensory characteristics with respect to the four chicken breast meat samples: marinated cooked chicken, marinated smoked chicken, non-marinated cooked chicken, and non-marinated smoked chicken. There were no significant twoway interactions (i.e., sample × panel) with respect to the sensory characteristics, except roasted aroma (p=0.003), wet feather aroma (p<0.001), saltiness (p=0.001), sweetness (p=0.01), cardboard packaging flavor (p=0.02), and metallic feeling (p<0.001). However, panel had significant effects on the sensory characteristics, except cardboard packaging aroma (p=0.54) and oxidized aroma (p=0.23), indicating that the panelists assessed the sensory characteristics of the chicken breast samples in a different manner (20) (21) (22) , which has been observed in the results of the descriptive analysis (21, 22) . As shown in Table 2 , the four chicken breast meat samples significantly differed with respect to 14 sensory characteristics, i.e., cooked chicken aroma (p=0.04), smoked aroma (p<0.001), wet feather aroma (p=0.03), saltiness (p<0.001), sweetness (p=0.006), cooked chicken flavor (p=0.047), blood serum metallic flavor (p=0.02), cardboard packaging flavor (p=0.03), warmed over flavor (p<0.001), roasted flavor (p=0.02), smoked flavor (p<0.001), astringency (p=0.04), metallic feeling (p=0.03), and moisture of the mass (p<0.001). However, post hoc comparisons using Tukey's HSD tests revealed no significant differences between the chicken breast samples for cooked chicken aroma and wet feather aroma (p>0.05). Table 3 shows the results of the three-way ANOVA treating marination, smoking, and panel as fixed effects for the sensory characteristics of the chicken breast samples. There were no significant three-way interactions (i.e., marination × smoking × panel) with respect to the sensory characteristics, except wet feather (p<0.01). In addition, there were no significant interactions between marination and smoking with respect to the 28 sensory characteristics of cold-cut chicken breast (for all, p>0.05). However, panel had significant effects on the sensory characteristics, except cardboard packing aroma (p=0.54) and oxidized aroma (p=0.23).
Results and Discussion
Marination significantly increased the perception of saltiness (p<0.001) of cold-cut chicken breast due to the presence of salt in the marinade (Table 2 and 3) . Marination also significantly enhanced sweetness (p=0.002), despite no additional sugar. In particular, marinated smoked chicken showed significantly higher sweetness than non-marinated cooked or non-marinated smoked chicken (Table 2) . Furthermore, marination significantly increased the roasted flavor (p=0.02) and smoked flavor (p=0.03) of cold-cut chicken breast, while it significantly decreased the warmed-over flavor (p=0.03), characterized by the rancid flavor developed during storage under refrigeration (23) . However, marination did not influence other flavor-related characteristics of cold-cut chicken breast (Table 3) . It significantly decreased astringency of the cold-cut chicken breast (p=0.03). As shown in Table 2 , marinated smoked chicken showed significantly lower astringency than non-marinated cooked chicken.
Marination significantly affected the textural characteristics of the cold-cut chicken breast; moreover, it increased moistness of mass (p<0.001), which is in agreement with previous findings that marination could increase water retention in muscle fibers, enhancing juiciness in chicken products (15) (16) (17) . However, marination did not significantly affect the hardness, adhesiveness, cohesiveness, and fibrousness of cold-cut chicken breast (p>0.05), as shown in Table 2 and 3. As expected, smoking significantly increased the smoked aroma (p<0.001) and smoked flavor (p<0.001) ( Table 2 and 3 ). This indicates that the smoking treatment used in this study could produce detectable smoke aroma and flavor. Smoking significantly decreased the warmed-over flavor of cold-cut chicken breast (p=0.001), indicating that the cooking process might be more responsible for the warmedover flavor of the chicken breast meat than the smoking process (24) . Notably, the combination of smoking and marination resulted in the lowest mean intensity of the warmed-over flavor, which is in fact a sign of oxidation (undesirable characteristic) (24); marinated smoked chicken showed significantly lower intensity of the warmed-over flavor compared to marinated cooked and non-marinated cooked chicken (Table 2) , i.e., smoking treatment for marinated cooked chicken could significantly reduce the warmed-over flavor of cold-cut chicken breast. In addition, there were significant enhancing effects of smoking on the saltiness (p=0.003) and bitterness (p=0.02) of the cold-cut chicken breast ( Table 3) . As excessive intake of dietary salt may increase the risk of chronic diseases, including cardiovascular or renal diseases (25) , further research is needed to maximize the smoking-enhanced saltiness perception of the cold-cut chicken breast. In other words, smoking treatment or liquid smoke might increase the saltiness perception without additional sodium, which may, in turn, help people reduce excessive sodium intake. Furthermore, smoking significantly decreased cooked chicken aroma (p=0.006), cooked chicken flavor (p=0.01), blood serum metallic flavor (p=0.007), and metallic feeling (p=0.007) (Table 3) . Moreover, smoking treatment significantly enhanced moistness of mass (p<0.001). Interestingly, when a two-way ANOVA, treating sample and panel as fixed effects, was conducted, the moistness was rated significantly higher in the combination of marination and smoking treatments compared with individual marination (p=0.02) or smoking (p=0.02) treatment; moistness of mass was significantly lower in the non-marinated cooked chicken meat (p<0.001) ( Table 2) . In other words, moistness of mass seems to be a sensory characteristic specially associated with the combination of smoking and marination processes. Previous research showed that moistness of mass is correlated with the juiciness and tenderness of the meat (26) . As most consumers like juicier and tenderer meat (27) , the synergistic effect of smoking and marination on the moistness of mass may result in an increase in consumer acceptability of the cold-cut chicken breast meat; consumer testing is needed to determine the synergistic effect of smoking and marination on consumer acceptability. However, the two processes, i.e., smoking and marination, did not differ with respect to other textural characteristics such as hardness, cohesiveness, and fibrousness of the chicken breast meat. Morey et al. (13) reported similar results in their study, where smoking did not affect the textural properties of 
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chicken/pork frankfurters.
To summarize, this study demonstrated that the effect of a combination of smoking and marination processes on the moistness of mass characteristics of cold-cut chicken breast was more pronounced than that of the two processes individually. Thus, a synergistic effect of marination and smoking on the moistness of mass characteristics of cold-cut chicken breast meat seems to be present. This implies that the combination of these two processes might help in producing juicer and tenderer chicken products. Based on the present findings, further studies should be conducted in a variety of treatment conditions to optimize the combination effect of marination and smoking on cold-cut chicken breast meat.
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